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[Claims] /2* 

[Claim 1] A pharmaceutical preparation based on a block 
copolymer-anticancer drug complex characterized in that said block 
copolymer, comprising a hydrophilic polymer segment and a hydrophobic 
polymer segment to which said anticancer drug is not bonded and prepared 
by bonding a hydrophobic compound other than said anticancer drug to a 
block copolymer comprising said hydrophilic polymer segment and a 
polycarboxylic acid segment through a carboxyl group side chain attached 
to said polycarboxylic acid segment, forms a micelle such that said 
hydrophilic polymer segment constitutes an outer layer while said 
hydrophobic polymer segment constitutes an inner core and contains a 
sparingly water-soluble said anticancer drug in the hydrophobic inner core. 

[Claim 2] The pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in Claim 1, wherein said 
hydrophilic polymer segment has a polyethylene glycol structure; 

[Claim 3] The pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in Claims 1 or 2, wherein 
said hydrophobic polymer segment has a polyamino acid or its salt structure 
having an aliphatic and/or aromatic group residue in a side chain. 

[Claim 4] The pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in Claims 1, 2, or 3, wherein 
said anticancer drug is an anthracycline-type anticancer drug. 



Paragraph numbers take place for the original pagination in the foreign text. 
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[Claim 5] The pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in Claims 1, 2, or 3, wherein 
said anticancer drug is adriamycin; 

[Claim 6] The pharmaceutical preparation based on the block 

copolymer-anticancer drug complex as described in Claims 1, 4, or 5, wherein 

micelle-forming high-molecular-weight said block copolymer has a structure 

as shown by the formula (1) or (2) below or their salt forms; 

MOC H,C — 0---& NH~6€0 CHNfB W 0 R — ¥ 

3 1* 1 , l { €D 

R» COR. 
I* 

cm. 

k r iO CBC H;*~0™ R - CfHSKCHC Q> tNBCK- R CO) -R 

COS 

(In the above formulas, Ri is a lower alkyl group or hydrogen atom; R 2 is 
a connecting group; R 3 is a methylene group or ethylene group; Y is hydrogen 
atom or protecting group; R is independently hydroxyl group, or a aliphatic 
or aromatic substituent group, but at least one of R's is said substituent 
group; n is an integer of 5 ~ 1,000, m is an integer of 2 ~ 300, and x 
is an integer of 0 - 300, but x cannot be larger than m. ) 

[Claim 7] The pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in Claim 6, wherein Y is 
-COR 4 (R 4 is a lower alkyl group or an aromatic hydrocarbon group) . 



3 



[Detailed Explanation of the Invention] 
[0001] [Technical Field of the Invention] 

The present invention relates to a pharmaceutical preparation based 
on a block copolymer-anticancer drug complex. 
[0002] [Prior Arts] 

It is a well-known technology to improve the solubility of a sparingly 
water-soluble anticancer drug by using materials such as a surfactant. 
However, a pharmaceutical preparation using the above technology has not 
been able to exhibit a pharmacological activity exceeding that of the 
anticancer drug itself. 

[0003] [Problems to be Solved by the Invention] 

The purpose of the present invention is to provide a pharmaceutical 
preparation based on a polymer-anticancer drug complex which exhibits 
improved water solubility and a pharmacological activity at a level higher 
than that of the anticancer agent itself when a sparingly water-soluble 
anticancer drug is used. 
[0004] [Means to Solve the Problem] 

The present inventors have done extensive research to solve the above 
inherent disadvantages with the hydrophobic anticancer drug. As a result, 
it has been discovered that a specific block copolymer-anticancer drug 
complex improves not only the water solubility of the hydrophobic 
anticancer drug, but also its pharmacological effect dramatically, which 
has lead to the completion of the present invention. 
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[0005] That is, the present invention relates to: 

(1) a pharmaceutical preparation based on a block 
copolymer-anticancer drug complex characterized in that said block 
copolymer, comprising a hydrophilic polymer segment and a hydrophobic 
polymer segment to which said anticancer drug is not bonded and prepared 
by bonding a hydrophobic compound other than said anticancer drug to a 
block copolymer comprising said hydrophilic polymer segment and a 
polycarboxylic acid segment through a carboxyl group side chain attached 
to said polycarboxylic acid segment, forms a micelle such that said 
hydrophilic polymer segment constitutes an outer layer while said 
hydrophobic polymer segment constitutes an inner core and contains a 
sparingly water-soluble said anticancer drug in the hydrophobic inner core; 

(2) the pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in (1), wherein said 
hydrophilic polymer segment has a polyethylene glycol structure; 

(3) the pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in (1) or (2) , wherein said 
hydrophobic polymer segment has a polyamino acid or its salt structure 
having an aliphatic and/or aromatic group residue in the side chain; 

(4) the pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in (1), (2), or (3), wherein 
said anticancer drug is anthracycline-type anticancer drug; 

(5) the pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in (1), (2), or (3), wherein 
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said anticancer drug is adriamycin; 

(6) the pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in (1), (4), or (5), wherein 
micelle-forming high-molecular-weight said block copolymer has a structure 
as shown by the formula (1) or (2) below or their salt forms; 

[0006] [Chemical formula 2] 

a HO C H,C B4-0-R,- N'H~f:€0 CHNfD K- 0 R CKNIB— ¥ 

3 3 * I ! H * ay 

R, COR 

r 

COR 

k r «) CHCB * O ™ R t C 0 -t-N H: C II C 0 1- f N B C H - R •■- C 0> - R 

1 I ni i 3 $ (2} 

COR 

I 

COE 

[0007] (In the above formulas, Ri is a lower alkyl group or hydrogen atom; 
R2 is a connecting group; R3 is a methylene group or ethylene group; Y is 
hydrogen atom or protecting group; R is independently hydroxyl group, or 
a aliphatic or aromatic substituent group, but at least one of R's is the 
above substituent group; n is an integer of 5 ~ 1,000, m is an integer 
of 2 - 300, and x is an integer of 0 - 300, but x cannot be larger than 
m. ) 

(7) the pharmaceutical preparation based on the block 
copolymer-anticancer drug complex as described in (6), wherein Y is -COR 4 
(R 4 is a lower alkyl group such as methyl group, ethyl group and the like 
or an aromatic hydrocarbon group such as phenyl group and the like) . 
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[0008] The pharmaceutical preparation of the present invention 
exhibits a high pharmacological effect and is water-soluble. 

[0009] The present invention will be described in detail below. 

[0010] As examples of the hydrophilic polymer segment of the present 
invention, polyethylene glycol, polysaccharide, polyacrylamide, 
polymethacrylamide, polyvinyl alcohol, polyvinylpyrrolidone, chitosan, 
and the like can be mentioned. However, there is no restriction in the 
selection of the segment as long as they have a hydrophilic polymeric 
structure. The most preferable segment is polyethylene glycol segment. 

[0011] As examples of the hydrophobic polymer segment, 
a polycarboxylic acid, such as polyamino acid (polyaspart ic acid, 
polyglutamic acid) , polyacrylic acid, polymethacrylic acid, polymaleic 
acid and the like, with a side chain having a residue of the hydrophobic 
compound, such as aromatic amine, aliphatic amine, aromatic alcohol, 
aliphatic alcohol, aromatic thiol, aliphatic thiol and the like, or its 
salts (an alkali metal salt such as sodium salt, potassium salt, and the 
like) , can be mentioned. As examples of hydrophobic compounds to be bonded 
to the side chain (carboxyl group) of the polycarboxylic acid, an aromatic 
amine such as aniline and the like, an aliphatic amine such as propylamine, 
stearylamine, and the like, an aromatic alcohol such as naphthol and the 
like, an aliphatic alcohol such as lauryl alcohol, benzyl alcohol and the 
like, an aromatic thiol such as benzenethiol and the like, an aliphatic 
thiol such as ethanethiol, phenylmethanethiol and the like, can be 
mentioned. However, hydrophobic compounds to be bonded to the side chain 
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will not be restricted to above compounds. Any compounds which can impart 
hydrophobicity to the polycarboxylic acid segment can be used. These 
compounds are bonded to the side chain (carboxylic acid) through an ester 
bonding, an amide bonding, or the like. 

[0012] Although the molecular weight of the high-molecular-weight 
block copolymer is not restricted as long as it is water-soluble, it is 
preferably 1,000 ~ 100,000, or more preferably 5,000 ~ 50,000. Although 
there is no restriction in the ratio of the hydrophilic polymer segment 
to the hydrophobic polymer segment as long as the pharmaceutical 
preparation of the present invention maintains its water solubility, it 
is preferably 1 : 0 . 1 ~10 (weight ratio ) , or more preferably 1 : 0 . 2 ~ 5 (weight 
ratio) . 

[0013] In the above formula (1) or (2), R x represents lower alkyl 
group or hydrogen atom, preferably methyl group. Also, there is no 
restriction in the selection of R 2 as long as the water solubility of the 
block copolymer-anticancer drug complex of the present invention is not 
negatively affected. Also, the presence of R 2 is not a necessary condition. 
For example, alkylene groups with a carbon number of 1 ~ 8, preferably a 
carbon number of 2 ~ 4, for examples, methylene group (-CH 2 -) , ethylene 
group (-CH 2 CH 2 -) , propylene group (-CH (CH 3 ) CH 2 -) , trimethylene group 
(-CH2CH2CH2-) , butylene group ( -CH 2 CH (CH 3 ) CH 2 - ) and the like, can be 
mentioned . 

[0014] Also, n is 5 ~ 1,000, or preferably 15 ~ 400, while m is 2 
~ 300, or more preferably 10 ~ 100 and x is 0 ~ 300, or more preferably 
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0 ~ 100. 

[0015] As anticancer drugs which can be encapsulated into a 
hydrophobic inner core of the micelle of the high-molecular-weight block 
copolymer, adriamycin, daunomycin, pirarubicin, methotrexate, mitomycin 
C, etoposide, cisplatin and the like and their derivatives , can be mentioned, 
but are not restricted to those mentioned above. 

[0016] The concentration of the anticancer drug in the block 
copolymer-anticancer drug complex is preferably 1 ~ 200% by weight based 
on the weight of the block copolymer, or more preferably 2 ~ 60% by weight. 
However, there will be no problem in incorporating the anticancer drug 
in the block copolymer as much as possible as long as it will not affect 
the micelle formation of the block copolymer-anticancer drug complex. 

[0017] The pharmaceutical preparation of the present invention can 
be manufactured, for example, as follows. 

[0018] That is, a compound forming a hydrophilic polymer segment in 
the resulting block copolymer compound (for example, polyethylene glycol, 
polysaccharide, polyacrylamide, polymethacrylamide, polyvinyl alcohol, 
polyvinylpyrrolidone, chitosan, and the like or their derivatives) or its 
end group-modified derivative is reacted with a polymer compound containing 
a carboxyl group or a carboxyl group modified with a protecting group. 
When the obtained block copolymer has a protecting group, it is deprotected. 
Or a compound forming a hydrophilic polymer segment in the resulting block 
copolymer or its end group-modified derivative is reacted with a 
polymerizable carboxylic acid monomer or its derivative . When the obtained 
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block copolymer has a protecting group, it is deprotected . The obtained 
block copolymer comprising a hydrophilic polymer segment and a 
polycarboxylic acid segment is reacted with a hydrophobic compound to form 
a micelle-forming high-molecular-weight block copolymer. By encapsulating 
a sparingly water-soluble anticancer drug into a hydrophobic inner core 
of the obtained micelle-forming high-molecular-weight block copolymer, 
the pharmaceutical preparation of the present invention can be obtained. 

[0019] Modification of the end group of the compound which forms a 
hydrophilic polymer segment in the resulting copolymer can be carried out 
using conventional methods. For example, as methods of converting a 
hydroxyl group to an amino group, reacting the hydroxyl group with 
ethyleneimine, reacting the hydroxyl group with acrylonitrile or 
methacrylonitrile through a Michael addition before reduction of the formed 
nitrile group, substituting the hydroxyl group with the halogen group 
before reacting with an alcoholamine such as ethanolamine, or directly 
converting the hydroxyl group to the nitrile group before reduction of 
the formed nitrile group, can be mentioned. Also, as methods of converting 
a hydroxyl group to a carboxyl group, conventional oxidation reaction, 
condensation reaction, addition reaction, and hydrolysis reaction, or a 
combination of the above reactions can be mentioned. For example, a hydroxyl 
group is converted to a carboxyl group by first converting the hydroxyl 
group to an alcoholate group using sodium metal, then reacting the 
alcoholate group with a halogenated aliphatic acid ester such as ethyl 
bromoacetate before hydrolysis of the formed ester. 
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[0020] Also, as methods of deprotection of a protecting group, an 
alkali treatment method, an acid treatment method, and a reduction method 
are possible. As alkaline compounds to be used in the alkali treatment 
method, conventional alkaline compounds such as sodium hydroxide, 
potassium hydroxide, hydrazine, ammonia and the like can be used. As 
examples of acidic compounds to be used in the acid treatment method, 
conventional acids such as trif luoromethanesulf onic acid, methanesulf onic 
acid, trif luoroacetic acid, acetic acid, formic acid, hydrofluoric acid, 
hydrobromic acid, hydrochloric acid and the like, can be mentioned. Also, 
to prevent a side reaction, anisole, thioanisole, m-cresol, o-cresol and 
the like can be added. As methods of reduction, conventional methods of 
reduction, such as a catalytic hydrogenation, a catalytic hydrogen transfer 
reduction and the like can be used. 

[0021] When the polymer segment (polycarboxylic acid segment) , which 
is to be bonded to a hydrophobic compound, has a polyamino acid structure 
containing a terminal amino group, the terminal amino group can be modified 
before reacting with the hydrophobic compound. As methods of modification, 
conventional methods such as a treatment with an acid anhydride like acetic 
anhydride and a treatment with an acid halide like acetyl chloride can 
be mentioned. The modification can be carried out before or after removal 
of the protecting group. 

[0022] By reacting the above-mentioned block copolymer consisting 
of the hydrophilic polymer segment and the polycarboxylic acid segment 
with the hydrophobic compound, a micelle-forming high-molecular-weight 
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block copolymer can be obtained. The hydrophobic compound is bonded to 
the block copolymer through an ester bonding or an amide bonding. These 
reactions can be carried out using a conventional esterif ication or 
amidation reaction. For example, when the block copolymer (raw material 
copolymer ) consisting of the hydrophilic polymer segment and the 
polycarboxylic acid segment is to be bonded to the hydrophobic compound 
through an amide bonding, the reaction can be carried out following a 
conventional method called a peptide bonding formation method. For example, 
an acid halide method, an acid anhydride method, a coupling method and 
the like can be used. Among those methods, the coupling method using a 
condensation agent is preferable. As examples of the condensation agent, 
l-ethyl-3- ( 3-dimethylaminopropyl ) carbodiimide (EDC) , 
l-ethyl-3- (3-dimethylaminopropyl) carbodiimide hydrochloride salt 
(EDC.HC1), dicyclohexylcarbodiimide (DCC) , carbonyldiimidazole (CDI), 
l-ethoxycarbonyl-2-ethoxy-l , 2-dihydroxyquinoline 

(EEDQ) , diphenylphosphoryl azide (DPPA) and the like can be mentioned. The 
condensation agent is used in an amount of preferably 0.5 ~ 20 mol per mol 
of the hydrophobic compound, or more preferably 1 ~ 10 mol. Also during 
the reaction, N-hydroxysuccinimide (HONSu) , 1-hydroxybenzotriazole 
(HOBt), N-hydroxy-5-norbornene-2 , 3-dicarboimide (HONB) and the like can 
be used together. 

[0023] Although there is no restriction in the amount of the 
hydrophobic compound to be used, it is normally 0.1 ~ 2 mol per 1 equivalent 
of the carboxyl group in the raw material copolymer. 
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[0024] The condensation reaction is preferably carried out in a 
solvent. There is no restriction in the selection of the solvent. For 
example, N, N-dimethylf ormamide (DMF) , dimethylsulf oxide (DMSO) , dioxane, 
tetrahydrof uran (THF) , water and the like and their mixture can be used. 
Although there is no restriction in the amount of the solvent to be used, 
it is normally 1 ~ 500 weight parts per 1 weight parts of the raw material 
copolymer . 

[0025] The condensation reaction is carried out preferably at a 
temperature of -10 ~ 40 °C, or more preferably -5 ~ 30 °C . The reaction 
time is 2 ~ 48 hours. 

[0026] In manufacture of the micelle-forming high-molecular-weight 
block copolymer, the hydrophobic compound is preferably reacted with and 
bonded to 1% or more of the total carboxyl groups in the raw material 
copolymer, or more preferably 5% or more. 

[0027] The above-obtained high-molecular-weight block copolymer is 
mixed with a sparingly water-soluble anticancer drug and appropriately 
after-treated to form a pharmaceutical preparation (block 
copolymer-anticancer drug complex) of the present invention. 

[0028] As a method of the above treatment, the condensation reaction 
medium is mixed with an anticancer drug or its solution and the mixture 
is dialyzed and filtered by ultrafiltration to form an agueous solution. 
Or the condensation reaction medium is treated with a poor solvent such 
as isopropyl ether (IPE) to form a precipitate and the precipitate is 
dissolved in an appropriate solvent. After the addition of an anticancer 
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drug or its solution, the mixture is dialyzed and filtered by 
ultrafiltration. Or the condensation reaction medium is dialyzed and 
filtered by ultrafiltration before mixed with an anticancer drug or its 
solution and the mixture is again dialyzed and filtered by ultrafiltration. 
As a solvent to be used in mixing of the high-molecular-weight block 
copolymer and the anticancer drug, that which is good solvent for both 
the high-molecular-weight block copolymer and the anticancer drug and which 
does not cause micelle formation of the high-molecular-weight block 
copolymer is preferable. For example, a mixed solvent of DMF and water 
can be used. Also, when the high-molecular-weight block copolymer is to 
be mixed with the anticancer drug, the ultrasonic treatment can be carried 
out . 

[0029] Below is an example of the synthesis method of the block 
copolymer consisting of a hydrophilic polymer segment derived from a 
polyethylene glycol derivative which is connected with a polyaspartic 
acid derivative segment having an acetyl group-modified terminal amino 
group and having an aliphatic amine side chain. 

[0030] As shown in the following reaction paths, a ring-opening 
polymerization of p-benzyl-L-aspartate-N-carboxylic anhydride (BLA-NCA) 
is carried out in the presence of polyethylene glycol (PEG-NH 2 ) 
(preferable molecular weight of 250 ~ 20, 000), one end of which having an 
alkoxy group such as methoxy group while another end of which having 
3-aminopropyl group, as an initiator in an solvent such as 
dimethylf ormamide, dimethyl sulfoxide, dioxane, chloroform, 
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tetrahydrof uran, acetonitrile, and the like to form polyethylene 
glycol-poly (P-benzyl-L-aspartate ) block copolymer (PEG-PBLA) . Then, the 
obtained polymer solution is treated with acetic anhydride and a tertiary 
amine such as triethylamine to modify the terminal amino group with an 
acetyl group to obtain a N-acetylated polyethylene 

glycol-poly (P-benzyl-L-asparate ) block copolymer (PEG-PBLA- Ac) . Then, 
benzyl ester in the PEG-PBLA-Ac is hydrolyzed to obtain a N-acetylated 
polyethylene glycol-polyaspart ic acid block copolymer [PEG-P (Asp . ) -Ac] . 

[0031] Also, PEG-P (Asp .) -Ac can be obtained by first hydrolyzing the 
benzyl ester in the obtained PEG-PBLA, then modifying the terminal amino 
group in the above polymer with acetyl group using acetic anhydride and 
a tertiary amine such as triethylamine. 
[0032] [Chemical structure 3] 



[0033] Then, a side chain of polyaspartic acid, after hydrolysis, 
is reacted with an amine to obtain a micelle-forming high-molecular-weight 




CH^OCH&Hj M3G-WBLA 




CtfeCQOH coou 

B::.C-P(As f ;.}-Ac 
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block copolymer. As examples of aliphatic amines to be reacted with the 
side chain of polyaspartic acid through the condensation reaction, an 
aliphatic alkylamine such as methylamine, an alicylic amine such as 
cyclohexylamine, an unsaturated amine, aromatic group-containing 
aliphatic amine such as benzylamie, and the like, can be mentioned. However, 
there will be no restriction in the type of amines to be used as long as 
it will satisfactorily contribute to the hydrophobic anticancer 
drug-encapsulating power of the block copolymer. Particularly preferable 
amines are aliphatic amines containing benzene ring, naphthalene ring, 
benzoquinone ring, naphthoquinone ring, and the like. It can also contain 
other substituents, besides above-mentioned substituents which can be 
react with the side chain of polyaspartic acid, without any problem. 

[0034] The obtained high-molecular-weight block copolymer is mixed 
with an anticancer drug in a solvent in which the block copolymer will 
not form a micelle . After mixing, the high-molecular-weight block copolymer 
is subjected to micellization and the anticancer drug which is not 
encapsulated in the core of the block copolymer is removed. 

[0035] The pharmacological activity of the pharmaceutical 
preparation based on the block copolymer-anticancer drug complex of the 
present invention is very high. When adriamycin is used as an anticancer 
drug, the anticancer activity of the pharmaceutical preparation of the 
present invention is dramatically higher than that of adriamycin itself 
at a similar dosage level as shown in Table 1. 
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[0036] The pharmaceutical preparation of the present invention can 
be used in the forms of solid preparation, ointment, liquid preparation, 
and the like. However, it is normally used as an injection. The dosage 
frequency is 1 ~ 3 times per week, with total dosages of 10 ~ 200 mg/m 2 /week. 
[0037] [Example] 

The present invention will be explained concretely in Examples below. 
[0038] Example 1 

In 6 0 mL of N, N ' -dimethylf ormamide (DMF) , 5.7 g of 
P-benzyl-L-aspartate-N-carboxylic anhydride (BLA-NCA) was dissolved. A 
separately prepared solution of 4.0 g of polyethylene glycol having a 
methoxy group on one end and 3-aminopropyl group on the other end 
(PEG-NH 2 ) (molecular weight 5,100) in 40 mL of DMF was added to the above 
BLA-NCA solution. The polymerization was carried out while the temperature 
of the above mixture solution was maintained at 35 °C for 40 hours. After 
confirming the completion of the polymerization by the HPLC analysis, the 
reaction medium was mixed with 50 mL of acetic anhydride and 2 . 5 g of pyridine 
and the reaction was continued to proceed for another 2 hours at room 
temperature. The reaction medium was added dropwise into 2 L of isopropyl 
ether (IPE) . The precipitated polymer was recovered by a suction filtration, 
washed with IPE and vacuum-dried to obtain 8.03 g of N-acetylated 
polyethylene glycol-poly (P-benzyl-L-aspartate) copolymer (PEG-PBLA-Ac) 
(Yield 99 . 4%) . 

[0039] The hydrolysis of benzyl ester was carried out by suspending 
7 . 0 g of PEG-PBLA-Ac in 0 . 5 N sodium hydroxide solution at room temperature . 
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When the copolymer was dissolved, the pH of the solution was adjusted to 
acidic by acetic acid and the solution was subjected to a dialysis using 
a dialysis membrane (molecular weight cut-off 1 , 0 0 0 ) in water. The solution 
inside the membrane was freeze-dried to obtain 4.44 g of N-acetylated 
polyethylene glycol-polyaspart ic acid block copolymer [PEG-P (Asp . ) -Ac] 
(yield 79%) . 

[0040] A solution of 195 mg of PEG-P (Asp .) -Ac in 0.5 mL of water was 
mixed with a solution of 25 mg of cyclohexylamine in 5 mL of DMF . To this 
mixture, 72 (iL of EDC and 27 mg of N-hydroxysuccinimide (HONSu) were added 
and the mixture was reacted at room temperature for 24 hours. The reaction 
medium was added dropwise to 0.2 L of IPE and the formed polymer precipitate 
was recovered, washed with IPE, and vacuum-dried to obtain 220 mg of 
micelle-forming high-molecular-weight block copolymer. 

[0041] A solution of 160 mg of the obtained micelle-forming 
high-molecular-weight block copolymer in 8 mL of DMF and 2 mL of water 
was mixed with 160 mg of adriamycin hydrochloride salt and 40 |xL of 
triethylamine and the mixture was stirred at room temperature for 2 hours. 
Then, the mixture was subjected to dialysis in 0 . 1 M sodium acetate buffer 
(pH 4.5) using a dialysis membrane (molecular weight cut-off 1,000) for 
longer than overnight. After dialysis, the mixture was filtered by a 
ultrafiltration method using Advantec UK- 10 (molecular weight cut-off 
10,000) to remove adriamycin and other low-molecular-weight materials 
which were not incorporated into the inner core of the micelle-forming 
high-molecular-weight block copolymer. The amount of adriamycin in the 
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obtained block copolymer-anticancer drug complex was 30 mg, which was 18.8% 
of the initially charged amount of adriamycin. (The result was based on 
the measurement by HPLC). 
[0042] Example 2 

To 1 mL of water, 390 mg of PEG-P ( Asp . ) -Ac obtained in Example 1 was 
dissolved and a solution of 108 mg of stearylamine in 10 mL of DMF was 
added to the above mixture. After the addition of 144 fjL of EDC and 55 mg 
of HONSu, the mixture was reacted at room temperature for 24 hours. The 
reaction medium was added dropwise to 0.5 L of IPE and the precipitated 
polymer was recovered, washed with IPE, and vacuum-dried to obtain 427 
mg of a micelle-forming high-molecular-weight block copolymer. 

[0043] A solution of 160 mg of the obtained micelle-forming 
high-molecular-weight block copolymer in 8 mL of DMF and 2 mL of water 
was mixed with 160 mg of adriamycin hydrochloride salt and 40 ju,L of 
triethylamine and the mixture was stirred at room temperature for 2 hours. 
Then, the mixture was subjected to dialysis in 0 . 1 M sodium acetate buffer 
(pH 4.5) using a dialysis membrane (molecular weight cut-off 1,000) for 
longer than overnight. After dialysis, the mixture was filtered by a 
ultrafiltration method using Advantec UK- 10 (molecular weight cut-off 
10,000) to remove adriamycin and other low-molecular-weight materials 
which were not incorporated into the inner core of the micelle-forming 
high-molecular-weight block copolymer. The amount of adriamycin in the 
obtained block copolymer-anticancer drug complex was 51 mg, which was 32 . 0% 
of the initially charged amount of adriamycin. (The result was based on 
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the measurement by HPLC). 
[0044] [Application Example 1] 

The mouse colon 26 adenocarcinoma cell was transplanted 
subcutaneously in the dorsal region of CDF1 female mouse. When the volume 
of tumor reached around 100 mm 3 , the micelle-forming high-molecular-weight 
block copolymer-anticancer drug complex prepared in Example 1, Example 
2, or adriamycin hydrochloride salt (ADR) was administered intravenously 
once every 4 days in total of 3 times (shown in an arrow in the Figures) 
and the antitumor activity toward the advanced cancer was studied. Each 
pharmaceutical preparation was diluted with a physiological saline prior 
to application. The preparation concentration was based on the 
concentration of adriamycin. The antitumor effect of the preparation was 
judged based on the number of mice showing disappeared tumor and the tumor 
proliferation curve. The results are shown in Table 1 and Figures 1 ~ 3. 
[0045] [Table 1] 
Table 1. 



Antitumor activity toward mouse colon 26 adenocarcinoma 



sample 


Dosage (mg/kg) 


Number of mice with 






disappeared tumor 


Complex Example 1 


10 


1/3 


(anticancer drug) 


5 


1/3 


Complex Example 2 


10 


1/3 


(anticancer drug) 


5 


0/3 


ADR 


10 


0/3 



Note) Results at 30 days. 

As shown in Figures 1 ~ 3, when adriamycin itself was administered, 
although control of proliferation of the transplanted tumor was observed, 
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shrinkage of the tumor was not observed if any at all. On the other hand, 
in the case of the block copolymer-anticancer drug complex of the present 
invention (Examples 1 and 2), one out of three mice showed complete 
disappearance of the tumor after 30 days since the start of the 
administration at a dosage of 10 mg/kg/day (per one application) . The block 
copolymer-anticancer drug complex exhibited higher pharmacological 
activity as compared to adriamycin itself. 
[0046] [Effect of the Invention] 

The pharmaceutical preparation based on the micelle-forming 
high-molecular-weight block copolymer-anticancer drug complex of the 
present invention contains an anticancer agent in the inner core of its 
micelle without bonding, enabling reduced dosage and improved antitumor 
activity than the anticancer drug itself. Therefore, the present invention 
provides an extremely useful pharmaceutical preparation. 
[Brief Explanation of the Invention] 

[Figure 1] The proliferation curve of the mouse colon 26 
adenocarcinoma when the pharmaceutical preparation based on the block 
copolymer-anticancer drug complex ( Example 1) was administered. 

[Figure 2] The proliferation curve of the mouse colon 26 
adenocarcinoma when the pharmaceutical preparation based on the block 
copolymer-anticancer drug complex (Example 2) was administered. 

[Figure 3] The proliferation curve of the mouse colon 26 
adenocarcinoma when adriamycin hydrochloride salt was administered. 



21 



Figure 1 



Key: a) Average relative volume of tumor;b) Elapsed days after the start 
of the administration of the pharmaceutical preparation 

Figure 2 



Key: a) Average relative volume of tumor; b) Elapsed days after the start 
of the administration of the pharmaceutical preparation 
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Figure 3 
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Key: 

a) Average relative volume of tumor 

b) Elapsed days after the start of the 
administration of the pharmaceutical preparation 
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